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Presentation Outline 



Utilities Integrated Master Plan Purpose:   

 Provides guidance for water resource & 
infrastructure planning 

City-wide integration:  

 Voter-approved Regional Plan, 
Sustainability’s Resiliency & 
Preparedness Plan, Stormwater 
Section, etc. 

Five Chapters:  

1. Water Policies (on Council’s agenda) 
2. Water Resources 
3. Water Infrastructure 
4. Wastewater Infrastructure 
5. Reclaimed Water Infrastructure 
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Utilities Integrated Master Plan – Water Resources Chapter 
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Utilities Integrated Master Plan Purpose:   

 Provides guidance for water resource & 
infrastructure planning 
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Utilities Integrated Master Plan – Water Resources Chapter 



 City has constructed three major water importation projects since the 1890s 
for a total of ~33 miles of pipeline! 
 
 
 
 
 
 

 
 
 
 
 

 Up until 2001 City’s supplies were 100% from outside city limits! 

Presented by: Erin M. Young, R.G., Water Resources Manager   City of Flagstaff, Utilities Division 
Our Water Future: Water Resources Master Plan 

Inner Basin     
12 miles 

Lake Mary    
6 miles 

Woody Mtn    
5 miles 

Historic Augmentation Projects 
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 City has investigated numerous water 
augmentation projects over the last 100 
years, including: 
 1919 – “Most Remarkable Domestic 

Water & Power Project” – Rainwater 
Harvesting on Peaks (12,275 AF/yr) 

 1921 – Switzer Canyon & Fort Valley 
Dams – Los Angeles engineers and 
geologists/John Carollo Engineers (1932) 

 1969 – Central Arizona Project – City 
submitted an expression of interest letter 
(15,040 AF/yr @ $32.50/AF or $132/AF in 
2010 dollars) 

 1972 – Harshbarger & Carollo – (project 
list on following slide) 

 2006 – North Central Arizona Water 
Supply Study – (project list on following 
slide) 

Presented by: Erin M. Young, R.G., Water Resources Manager   City of Flagstaff, Utilities Division 
Our Water Future: Water Resources Master Plan 

Inner Basin Water Supply Line, ca. 1890s 

Historic Augmentation Projects 
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1 AF/year = 4 homes in Flagstaff 



 1972 – Harshbarger & Carollo 
 Upper East Clear Creek well field (~8,000 AF/yr @ $4,250/AF) 
 Canyon Diablo well field (~8,000 AF/yr @ $3,644/AF) 
 Redwall Aquifer well field (~8,000 AF/yr @ $1,480/AF) 
 Effluent Reuse 
 Lake Mary Lining (~1,600 AF/yr @ $5,905/AF) 
 Mogollon Mesa Project (18,400 AF/yr @ $12,648/AF 
 Weather Modification (211 AF/yr @ $1,387/AF) 
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Wilkins Dam site 
 2006 – BOR North Central Arizona Water Supply Study 

 Lake Powell – Colorado River 
 Lake Mead – Colorado River 
 Little Colorado River Tributaries – Mogollon Mesa 
 Little Colorado River groundwater – high TDS (saline) 
 Redwall-Muav Aquifer 
 Red Gap Ranch – Coconino Aquifer 

 

Projects in bold  text are in feasibility stage 

Historic Augmentation Projects 
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Regulatory Framework 
Arizona Department of Environmental 
Quality 

• Safe Drinking Water Act & Clean Water Act 
• AzPDES & Aquifer Protection Permits 

Arizona Department of Water 
Resources 

• Designation of Adequate Water Supply 2013 
• Underground Storage & Recovery Rules 
• Water Rights and Adjudication 
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Regulatory Framework 



 Water Rights 
Prior Appropriation doctrine  

first in time, first in right 

Little Colorado River Adjudication 
 state court to determine scope, extent & 
priority of federal reserved water claims 
(includes all City water supplies) 

Gila River Adjudication 
applies only to Woody Mountain well field 

Northeastern Arizona Indian Water 
Rights Settlement (Navajo-Hopi)  

on-going since mid 1990s…Summer 2012 
Tribal Council’s voted down most recent 
Settlement Agreement 
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Regulatory Framework 

Inner Basin Spring 
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Population Source: 
Arizona Department of Economic Security 
Research Administration - Population Statistics Unit 
Note: Estimate Series 2001 thru 2004 reflects 
revised estimates as of  2/27/06. 
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Historical & Current Use 

Water Use and Water Supplies: Data Trends Useful For Planning 

Population Increase ~25% 
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Peaked at 186 in 1989 

Low of 111 in 2011 
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Historical & Current Use 

1990: Council Adopted 

Conservation Ordinance 

• Inverted Rate Structure 

• Odd/Even Watering days 

• Rebate Program - Toilets, 

Turf, Washing Machines, 

Hot Water RE-circulators 
 

Since 1991, ~4,800 toilets have been converted 
A total of ~ $390,000 spent on the rebate program to date  

40% Decrease! 
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Historical & Current Use 

The real question: How low 
can we go? 
 
 

 

1990: Council Adopted 

Conservation Ordinance 

• Inverted Rate Structure 

• Odd/Even Watering days 

• Rebate Program - Toilets, 

Turf, Washing Machines, 

Hot Water RE-circulators 
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Peaked at 186 in 1989 

Low of 112 in 2012 
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Historical & Current Use 

1990: Council Adopted 
Conservation Ordinance 
•Inverted Rate Structure 
•Odd/Even Watering days 

Rebate Program 
•Toilets 
•Turf 
•Washing Machines 

Enforcement 
•Water cops 

In the last 10 years, about 800 warnings have been issued.  48 were fined. 
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 -     1,000   2,000   3,000   4,000   5,000   6,000   7,000   8,000   9,000   10,000  

Single Family 

Multi Family 

Average Monthly Gallons 

Residential Average-Monthly Summer & 
Winter Water Use Per Household 2012 

Summer Average Winter Average 

*Data is from customer service annual billed consumption for CY 2012 
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Historical & Current Use 

Can we do better? 
•Lawn conversion 
•Watering efficiency 
(sprinklers, time of day) 
•Eating out of your 
neighbors garden 
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Historical & Current Use 

10-year Average Production (2003-2012) 

Import ~80% of 
our water supplies 
from outside City 

limits 



 
 
 

 

Presented by: Erin M. Young, R.G., Water Resources Manager   City of Flagstaff, Utilities Division 
Our Water Future: Water Resources Master Plan 

 WRMP Water Management Water Use & Supplies Demand Projections Future Water Supply  Summary 
  

Physical Availability of Supplies 

City contracted with AMEC Geomatrix – Numerical 
Groundwater Flow Modeling Project (2012) 

USGS Northern Arizona 
Regional Groundwater 
Flow Model (NARGFM) 
 
A tool for learning about  
a system 
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Physical Availability of Supplies 

City contracted with AMEC Geomatrix – Numerical 
Groundwater Flow Modeling Project 

 
A tool for learning about  
a system 

Land surface 

1,200’ 

2500’ 

Water 
well 

Water table 

Coconino 
Aquifer 

Redwall – Muav Aquifer 

Recharge 

Pumping 

Spring  
Outflow 
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Physical Availability of Supplies 

City contracted with AMEC Geomatrix – Numerical Groundwater Flow Modeling Project 

Model calibrated to 2010 data 
 
Provides a starting point to run 
simulations to address the question of 
long-term environmental impacts 

1. Flagstaff and Navajo Nation assessing 
possible impacts to Clear Creek, 
Chevelon Creek, and Little Colorado 
River from groundwater pumping at 
Red Gap Ranch and Leupp Wellfields 
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2009 Demand Study 

2001 Voter-approved Regional Plan Land Use 

City Billing Data 

What is our FUTURE? 
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2009 Demand Study 

1) 2001 Voter-approved Regional Plan Land 
Use and GIS 

• Assumed Maximum Density & 
Max Zoning 

 Population = ~180,000 
2) Apply City Billing Data Per Category 

Water Demand=12,000 AF/year 
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Water Demand Scenarios 

WHEN may we need more supply and HOW can we meet this demand of 12,000AF/yr? 
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Water Demand Scenarios 

This is just one scenario 

ADWR Hydrologists have approved that 
the City of Flagstaff has the physical, 
legal, financial capability to meet our 
100-year water needs over the next 20 
years 

20-year demand determination: 
 
• Current Demand         ~8,300 AF/yr 
• Committed Demand       ~700 AF 
• Projected New Demand ~ 3,500 AF 

~25 years, Flagstaff 
needs an additional 

water supply  
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Water Demand Scenarios 

USGS Northern Arizona Regional 
Groundwater Flow Model 
(NARGFM) 
 
100-years of pumping 
 

•9,913 AF/yr groundwater wells 
•8,000 AF/yr Red Gap Ranch 
 
Max drawdown after 100 years = 
108 feet in 2 local wells and 1 Lake 
Mary well; about 25 feet at Red 
Gap Ranch.  This is about 10% of 
the C-aquifer thickness. 
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Future Water Supply Options 

Physical Water Supply Options:  (12,000 AF/year) 
• Conservation 
• Reclaimed Water Reuse 
• Wells 
• Importation 

Volume of water (AF) generated for each option 
 
Cost of water (AF) for each option 
 Capital costs 
 O & M costs 
 Electrical costs 
 10-year payback 
 Cost savings to customer & City (Conservation) 



 
 

 

Presented by: Erin M. Young, R.G., Water Resources Manager   City of Flagstaff, Utilities Division 
Our Water Future: Water Resources Master Plan 

 
 
 

      

  
  
    
 

 WRMP Water Management Water Use & Supplies Demand Projections Future Water Supply  Summary 
  

Conservation – Rainwater Harvesting 

New Homes – Cisterns & Rain Barrels 
 

  Regional Plan undeveloped lands Total Roof Top (685 ac) 
                    and # of new single family homes (17,100) 
  30-year historical precipitation from Pulliam Airport (22.5 in/year) 
  Size cistern to capture 1” rainfall or 50 gallon rain barrels 

Cisterns - future roof tops could capture 

 285 AF/year 
($4,963/AF spread over 10 years) 
 
Rain Barrels – future homes 

51 AF/year 
($1,704/AF spread over 10 years) 
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Conservation – High Efficiency Toilets 

New Buildings 
 

  HET 1.3 gallon/flush composting toilet (1 per house) 
  Clivus Multrum toilet - $6,135 and 6 ounces / flush 
  Saves 1.25 gallon/flush or 5,019 gallons / year 
  Regional Plan - # of new single family homes (17,100) 

Potential Water Savings 

 263 AF/year 
($1,352/AF over 10 years) 

1860s 
“earth closet” 

2000s  
“BioLet” - $1,250.00 
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Conservation – Turf Removal 
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Reclaimed Water Reuse 

Estimated New  
Groundwater Augmentation DRAFT 

 4,480 AF/year 
($974/AF pilot test over a 10 year period) 

Increased treatment @ Rio WRF to remove  
Pharmaceuticals & Endocrine Disrupting Compounds 

then recharge via Rio de Flag  
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Wells 

Local Supplies 
Wells 

Estimated New Water Well  

 716 AF/year (493 GPM) 

($830/AF over 10-year period) 
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Imported Supply - Red Gap Ranch 

Imported Supplies 
Red Gap Ranch 

Estimated New  
Groundwater Supply DRAFT 

Pending completion of feasibility study 

 12,000 AF/year 
($3,857/AF over a 10-year period)  

Develop Well field, Booster pumps, Storage and Pipeline to Flagstaff 
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Imported Supply - North Central Arizona Pipeline 

Imported Supplies 
North Central Arizona (aka Western Navajo Pipeline)  

And Colorado River supply 

New Surface Water Supply DRAFT 
 8,000 AF/year 

(???/AF) 

 Northeastern Arizona Indian Water Rights Settlement 
 non-Indians may elect to participate to upsize and extend south from Cameron 

  USBR Coconino Plateau  
 Feasibility Study 
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TABLE 6 
Future Water Supply Options  

Preliminary Estimates of the Volume of Water and their Cost  
(over a 10-Year Period) DRAFT 

      
 
 
 
   
 
1. Existing Cost of Water  (1st half  FY11) 
 Groundwater           $980 
 Lake Mary WTP Surface Water               $320 
 
2. Water Conservation – Active Rainwater Harvesting 
 new Residential (cisterns)   285    $5,500     $3,600 
 new Residential (rain barrels)   50     $1,705        $100 
 new Commercial (cisterns)        30    $2,650    $4,720 
 new Institutional (cisterns)   20     $2,545     $4,940 
 existing buildings  (cisterns)   610     ???     ???      
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Future Water Supply Summary 

Volume of 
Water Saved 

(AF/yr) 

Cost of 
Water (AF) 

Upfront Cost 
to Customer 

Cost of Water over 
10 year period 

995 AF/year 
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Future Water Supply Options  
Preliminary Estimates of the Volume of Water and their Cost  

(over a 10-Year Period) 
           DRAFT   
 
     
 
 
3. Water Conservation - Other 
 Hot Water Re-circulating pump    190  $1,360          $130 
  Composting Toilets      260  $1,350       $5,890 
  Incinerating Toilets     340  $1,290       $1,860   
  High Efficiency Clothes Washer    190     $500          $995 
 Turf (grass) removal   1,500     $300       $2,300 
 High Efficiency Toilets (1.3 gal)         70       $25          $170 
  retrofits 1980 to 1994  
    

Volume of 
Water Saved 

(AF/yr) 

Cost of 
Water (AF) 
for 10 years 

Upfront Cost 
to Customer 

2,550 AF/year 
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Future Water Supply Summary 
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Future Water Supply Options  
Preliminary Estimates of the Volume of Water and their Cost  

(over a 10-Year Period) 
                     DRAFT   
 
 
 
   

4. Imported and Other water supplies 
  
 Indirect Reclaimed Water Reuse*  4,480     $975     
 New Groundwater well       715     $830  
 Red Gap Ranch      12,000  $3,857         
 North Central Arizona       12,000     $???  
  Colorado River supply    12,000  $3,000  
    
    
• Advanced  Wastewater Treatment  - HiPox  Technology 
    assumes $4 million capital cost 
      
  
  
    
 

Volume of 
Water Saved 

(AF/yr) 

Cost of 
Water (AF) 
for 10 years 

Upfront Cost 
to Customer 
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Future Water Supply Summary 



 Summary 
 The Utilities Division is proactive in planning to meet existing and future 

water needs 
 A variety of options have been identified to meet future needs 
 Staff have conducted detailed cost analyses  of those options 
 Planning scenarios for the future have incorporated possible changes in 

climate, growth rates and water use 
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Summary 

Solar Panels at Wildcat Hill WWTP, 2012 
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 WRMP Water Management Water Use & Supplies Demand Projections Future Water Supply Summary
  

Summary 

Our Water Future  
 Given land uses identified in the voter-approved Regional Plan, conservation is a 

component, but not a total solution, in meeting those needs at build-out 
Next Steps 

 Continue to update & finalize the Water Resources Master Plan 
 The Plan is available on the City’s website (Utilities) 

 
 

 

 Thank you! 
 
eyoung@flagstaffaz.gov 
(928) 213-2405 
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Financing 

Infrastructure Financing: 
• Up front cost 

• Developer Pays for Infrastructure & 
Supply 

• Public-Private Partnerships (P3) 

• BOR Rural Water Supply Act 
• State Water Resources Development 

Fund 
• Bonds 

• How we repay 
• Water rates 
• Sales tax 
• Capacity Fees 
• Others? 
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Financing 

Infrastructure Financing: 
• Up front cost 

• Developer Pays for Infrastructure & 
Supply 

Current Policy by Utilities states 
developers >700 homes pay 
for water supply and 
infrastructure 

Proposed in front of Council in 
Water Policy document, 
recommending triggers 
related to peak demand that 
require developers pay for 
water supply and 
infrastructure  
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